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n. CO!iTAINlmlfl VBRSUS COt.WDlT:1r·lEN'r COtlCEPTS - THEIR Elil?BC~ 

< · ·WON !1m CONTROL OF ACCIDE~~AL RELEAsES FROM Rru\CTORS. . .. ,·. . 

. ; . · .. • ... , · ... ·: .. :: ~1'Q~ d!tiicutmine; the p:rinc1ples o't beli.avior of radiO•. _. 

' ": .:. ··activ~· contam.!M.nts witJ:dn t'eactois· containment veasels~ related .' 
' .'.. . .. . 

.· ~.': buildirlga o~ ~leaoed ,rise1on product .or control $yatcms~ it is.,_· 

. . . ~ 

.. ·. . ' 

·,'·. . . neeessart: to ,emphasiz~ the basic d1ffe~noes in control eon~epta . 
.--< ... ::- btl~~en' ebn~-~nt and' contin~nt .$tStew~o· .. ·. ·. ·.. . . . .· . 

• • • ~- ;··. . ~: ••. • •• ·.... •• • • . • • • • : •. 4. ·.: . • : . . . ~~ •. : -~- •• 

· :· -· · . . •· > · · ·!be .. turidamGntal· d1tt$~nces to bo e()ns1d<are<t from a·· · ~:· .' :. : · '- : · ... 
'j • • • • 

-~·: : ·cl~·Ot'. QO~taminant -val Btandpoint are beyond tha ·.eo~~<·:··.· .. 
~ ·: ~-·. · ce~t$ · ~~ :&~~- •~tersr ~tl clos$d envtronm~nts at aia.vated · · . \ ·_·' .. · 

. . .i : PNBBU1'& •> :; . ;< · :. < > : . \ / ·.' .·. · . • ·. · · . ; •· • , · · ' . . . 
· · . ·· .. ·.:. ·. ~Confinement 1$ the oldeit technique U2ed 1n tu:tsotiee· since 

"·· it ~a· tt~t installed on the- Oalt ~d~~ x~1o., 3 t4t1 &mphite. : · 
" . 

.... 

~·· .. : ··· moderatecl air COOled p11fi in 1948~ ThiS ~·ISS done in O~er 'to 

,, 

. . 

·. · .. · .. ·.prevertt further locaf dapoa1tio.n o? radioactive releaacas f'rcm 
.. ~ .. 

· .. ·_:<·. tuel element ruptu~e. lro ~xhauat filtora t1cre pz:sovided prlor to 
.• r • ' • 

-.::.; ·.· .. ·i948 and oilly a; tnll ~taok (200 feet)· p~vidcd control Of a.etivated 

·: .. · .. ' gas ·and -~artiol~s b~ d!aper~d.o11 to the. atmosphot'e ~ · It sho1.1ld be 
. . . . . 

· ··reeo~zG4 that in confinement systems.~~ tha 1n~tnllcd air o~ 
·· .. ·,,_· 

.··r .· . gas cl~anir..g devices, ·such e.s ·sct"Ubba~ or filters_, are oontinuour;ly 

.. on-strea.rn tinCl are tunct1oni..~ a.t all t:tmGs handling routine 
. . . 

releases such as building vent11ation ai~ 1·1:1. th min1rr:.a.1 aont:a.m:lz-V'!.• 

~i()n. Wh~n: the1 aro called upon to handle eer~oua aec:!.dent 
. -. .. 

situations., such as the installed etttok filtel"S \7ere require'S. :..:: . . . 

do at W!ndsoale 6 they tqere already functioning and requireS t~;~ 

actuating siW'.ai or t:t"ir;ger to revpond. '!'he duct "t>Jorl-c nnd ct:.t:k 

also behaved as sattline chambers for rs~ention or coeroe particles 

and caused nome agglomev.at1on ot finer particles. T.heac particleo . 

alae becama eondensttt1on eurtacas and adeorbad signif1oant ~l~~ntitioo 

. ' 
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. · ot iodine and .othe~ volatU~ mdtonu.ol1des. Until a lator. 
. . 

~~ -- ......... ~.:.~l~o 

·:·.· 

,···. 
, .. 
· .. 

'. ttec!aicm tms made: during th$ aee!tlcnt to add wntet' to th~ bumins . . . . 

· p110, thella wo~. th~ m43ol' ta~~;tors ~spoli:iible i'ol' "4uctton J 
··of etack. :re~~~~-.- ... ·i\ ·tog Sz,ftiy- o~ ~oue~ $yst.,m ·t.educ:es the: ·. : ...... · > h 

. . . .-. ' . . . . ~ . . .. : ' . . . . . . . . . . . . .. . . ·.. . : . . : ~:-:.; 

. co.nse<ntences of the accid~tal reieases ·aaeoeiatatilol!th melting.· . : ..... !.;:.;· 
,., ·, ' ' ' • .. • • o • ' • • • I ; •· .,: ' • • ' • ' • ' ,· '• .:.; 

· .ot th$ ~actor ·tus1· o~·simii~ 'aour¢ea ·ot-eontam!M.tion~ In .. . . .~ ·. '-~: 
.. • • . • ._..... .. .. •. •· .. ••· . ~ • 't . • • . . • • . -~~~~ 

-~ ·. Cc)nfinernent .erstammj th~ int4ta1ied cl$Mtt1P urilt:s cwt bruidlG · · · , ;~: 
- '1- ~. - • 0 •• ~. - ~ •• ; • •• • • .. • • • ••• • • • , __ ... ..jl _· ~i:·; 

"'both ~tiN) ~1eaaes and minor accidents E).S W$11 as major ·· · ·.· ·~r. 
. . . .· ,.. _;. . . . . "' . .' . -~ . 

acctdants .• -. a:n ttl~ case ot· ~nG ·(;pemt1oM, accosa. to th~ · . · · 

, tsle~"l,U~: S~t-r ~.f1 b$ mado fo~ mainten~nee- and ren~td. of $.Otub·· 

. bins. ~oiut!one. eX' rUtem. ,· !'his riJA1 b~ requt~d at f-.requent 
. . . . 

.. '·'- .. inte·~~ !).'~ .In the eas~ ot the .,eva~ &.ccidont Ot: t.roA (maxi.!l!Ul11 
... .; .. . .. . . 

: _ .. credible aeeidEmt) ~ thG · filter h~use or ·t:!~'bbor ~ baCOSil~ iilO 
. - . . 

r#~ 
.· ~:;: 

(~ : 
~·{ 

~~~ 
;,~~· 

~- . ~ : . 
~:.~t 

:~~·~ 
,:- ~· 

~-~:. 

f;p~ 
.r!· 

.~:: · · escl.oualy .eon~~a.t<:~d ltith radioactlv~ lont;-lif~ f'isaion products ~-~·-~: 
t ' . . . . ' . . . 

· that it may be abtmdortod and bUI'ied.. tt the reactor is irttendcd 

"' :. ·tt, be c6nt!nu~ 1n service, an altemate unit mtu~t· be available 

.. :.·.:: ·o~ a ~<!W .c1o~.nUr> rtt.o1~1~y must be eon$tro"'etoo~· · lt should also ·. 
. ' ~- . . . 

<' 

. . 'b$ noted that ths eonfiriem~nt ey-stc.m must b~ proteeted fvom 
' . . . 

thO ~tt~·ots. ot ths ~l~ase or i~rsc quantities of' stosm, hot 

f».GOS, and dt3CUY' heat frotil COllected fiso1on produet::l~ t.rldS 
~ . : 

tea tUX'S may or rtt.t'ly not be· ·nt':lcaseary ~~ contninm!:nt systems 

.,.. 

. . . 
dependirts ~on when the cleartttp a_~tems are act~&.VRted. :tt tr~~~Y' 

• tU1'~' initiated at the sat-ne time that tha fog .spray ots contai.nnent 
~ . . 

preasu~ ~duetion Sp~ ar~ aetunted_, the;y must MVa the fJ~Jn$ 

capab111 tieu. ~ ttddi tion,. they- muet also ha. va the nb1li ty t.o · 

.· ftmotion under:' sat-u.rtttad eond1t1ono of_ increased or changing 

atmospheric presstires due to the stored energy releaaod Within 

the containment.. !bElt etfeet of the spray Sy$tem 1n reducing . ' 

. Conta1n~ent preom.trc3 t-.r111, Of eourso, .. produeo a Oh3.113ing 

atmospheric praasure situation ~1thin th~ eontainmont ve~nel. 
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lt it can bt aatelJ usumed that the steam enviroment and 1ta 

-effect• wru be eeaent1all7 elim1nated by a_lons dolq in tiuis 
.before ·core-ineltiilS takes place and that a eimultaneows release 

· ~- Ot tieB1ori products with the eteam eo\}J.d not occur, then the 

activation ot' the cleanuP eyetem could be del~cl until cptimu:ll. 

p~- cl~ or filter operatin&: conditions prevailed •. Un.-

fortun.atelj at thO pre~ont tim.e we do not have enough assurance 

baaed On ~er1mental studies· and ~ccident exPerience to make 

eucha eatetJ Jud,e:nent. ;'In. view ot this situation, the con

aervative. approach must involve the aelcct1en .or conta!Omcnt and 

continement' cleanup eratema that will function under the worst 

anticipated condition~. 

With suCh obJective• 1n mintt~ 1t can be stated that 

eont1nement ayst=s are more fiexible 1n that thaJ' can utiliza 

ma.x1munl air now as a means ot control tor routino and minor 

accidental releaeoo and ca."'l utilize reduced tlol'Ia 1n maJor 

reloasea to obtain bettor dllcont&"Jlnation. F11 te:rs and other 

pa cleaning 4ov1cee would often 'tunction better on Btlall p:lrticles 

at roducod air now. '.rhcy do lmvc tho d1~advantago, hot:cvor,· 

that the cleaning device pertor~co specification must b: l1i:,h.or 

because one pa:JG continuous flow through a c!~ct :·~·sto;a \'i'ill r.ct 

provide the optinn.vn retention timo for abttOl."ptic:I, ad~O:i\_:. t.::. --~ 

and tlgglornerat1on. ~1ese can all be usoruJ. mcch::.nl!:i:.:ls 1n u 

cloted recirculating syutem euch as an emergency cleanup unit 

inDtallcd within or outzido a containment eyatem but cubjcct 

to the aame env1ronmcntB produced w1tl~ the contair.raent ve3col. 

Containment eleamtp. ayatcma have the advantaeo that thoy 

have available aurticicnt residence_ tim~ for the releacod con

taminants to ~o!lerate bJ" Brownian d1f:fue1on or particles ~a..'l 

_j 
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. grow · bJ' eondGnee.t!on meehanisms t~ th~ satu:t-ated env:l.roment 

1ft the. cas~ ot w~t(J!f ~~~tora •. Aasorpt1on can talte place on 

part~ole ,.rJurtacea _on tho ·oont~~l..nment to:alls in Nlnt1V&ly un._. 

--~iatUrb~a eondittoiu; (i51~ st'~'gri~~t' a:t7r: :G~ImsJ .!') · .. .- :Further advant.nges 

.· · ~~t -b~~U$$ the .fJJted Volu.~- p~ovid~$ Suf1"'1C.1~n.t th1e for ,· .. 

~<. sett1ins- and. ·d~oaition ()f pa:rtielss. .'the containment. epmy 
. . . ~ . ~ . . . . . . ,,· . . ~ ..... ~ . .: . . . . 

... · $Jetent can wor!' more effectively on particle ttemoval· beeauaa it 
~ ~ ~ . . . . . . . ' . 

. :- prOv!.d¢$ a mui tiple .pt\ea eyatom as cont$s·t~d to. a ee:rubbe:r-. :.. . .. 

. ·on a pl"'eess ··ste· etrealll o~ .in a con.f!nom~nt ·cloan:or. ~ne 
•• • • • • • 4. • ~ • • 

' . use ot internal eieanao dc:ntlceS is enliance!J bCCQ\1.130 Of -the . - . . . . . . 

ree1rctt1atiort aspect since se_veral ptU$s~e can ba ma.dQ through 

:a siligle device sueh as Q. ecrubber or tiltei-- h~ne~ the initial . . . . ' 

' oftic1ency- need not be es high. to obtain a s1 ven final peibiomaneo .. 

. .. It ia . apparent from the above diacunsion th.:~t coni~ement 

.. . and conta1nm~nt systeme ea.eh l'k'1.va tbei~ et-ln elmra~teristico arid 
- ~. . 

' ·-: merits i'o.v provent1on of n~dioactiv~ releases tmdor routino und 

e.ec1dcntal eondit1onn. $tor th~ 1'>Ut1n\!J ce.oe~ tho cor~in~"lmcrtt 

·. eyatem !G operating as designed. !>.\'> · opaciol benorit in thiP (t_.r..tl3 

. aocrues t6 containment; aa a matter of fact> ~~11 r6!cnsos 

within the containment ~o3sel mey cauae ~~ ~omxre ~n oo~~nnt~ 
. . 
in research or tasting reactors. ~~ iumdl!ng of xtout1no rolr·.,· ·(~£1 

in containe<l. reactors 1a also done .:tn meet oo.oea t1ith eithcr

eontinuooo. ~1" bat~ clerutup systGn\.1 ue.inrs d(3cay o:~.~ dctvution 

t!i.nlts or 11n~s. The choice of eontriirzr&tent v-en.•''l!~ confi.IlCrr.Gn.t: 

invo1 vas econcm1cs a$ ttell ae earcty., \ut ei thet- t3yttrtt;r.t'l ean 'C8 
. .. l, .• 

mde to function e.G intend~d to p~toot th& Mviron-nent t:U'ld the 

publiC resid!ns near tho reaet·or ·tae111tt·in the event ot a 

. sor1oun malfunction o~ aceid~nt. 
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::. -.:: .·:. 'l!he.tollowirtg confinement mid eonta~ant rnethoda rove: 

.. · ·. -~~ :~~V-eteped ·ol*·:~u:~ in use.' ~ th~ .Ulli~ct States~ . 
. . . . . 

. ·,;~:{.,i~;J~.;:_}'-:_' ~ ~~=~:~f·: . .•.. ., . ., 
- :: .-. · :;.:.:.;.,:.-:·':~~-- · .. ··.·--."~.:~ .. C Ccmta.inment plus tonfin-ol'!Wnt · . · 
, . , · · .'-:'~ -·~.-~ :: .-?-~:_:;·:/' .-:· .. · .D ·Containment plus pranaure GUppreasion. 
> ·.: __ :;_':;:;<~· :< .. -~7 . .- :· . .,. .. E ·-·Containment with valving · .. · 
: . . · . · . · .:.: ·:' < . · ·.· '· : · F . Double containment 

r- : '. ·,~'/_,:-:·. --~·.;:. j: · ·•. ·:: ; : · ·0 Diffusion board confincm.~t 
"•,; • ···: ' ', , • I ' 

. :·. ~--.:'A) .:t···:/ ;CONFtNEl·mlrl ·.' ' ". ' . .· ·. . . . ' . .. 
• I . • \ ~· • :. ';··, • I • • I • • • ( ~ • • • : • ; : .•. • • • • • 

· • : l .... · · • 'fhe reactor building is eonfined bY a nearly impervieua 
....... ~-~ - • • • l' •. • 

. " . : envolripe· ineludi1lg rnaSOil%7 or metal tUlllS (Figure l) o !11• 
'· . ·'. 

... l~akag& .~t. small trolU.>tteS Of eit- is not _Settious aa it is. pa!?t 

_.: .. _; 'ot. th~ 'tmuai bulleil.nt ventilation s:rstem •.. 

· · . : ._ ; · tnStde tho 'building A n~gat1 v-a pressure cr 1 inch or· 

·: .· lzatel' is m.td.ntfdnod and tha stat1e pressure bulldiris load 
• '!". ' ' 

··. :·~- '--~ . does h~t. ex('seed '1~ to 2 pni. . The nir exhausted p_no~ea . thl't()U~l 
·:~- · .. ::til to~ o~ ·acnibbera a..l'ld adsorbers e.nd is then ro1e~.M21~~d to a 

.... :. :. ~· .. 

. ,. · '·~·. tall etaek.; EJmer.:tmcnt has ehown that 1£ a :se~bber ~.s used . .. . . ·.~ ' . .... 

· .':: :_·-~- -~ .. - it ~s~ b~ _follouad by a ttltmt:ton system. !..'\ t:t.ost caaos 
' ' . 

. ,•' 

·. · ·: · ··· .,::,.. th~ inlet and exha.ust a1r are pl"efiltet-od. l.'l caae of an 

.· .. · ... ·_.·':·.~.>·.: aocid~nt, &inc~ the tru.1id.:tng leaks int1tl;~~. all tiesion prodw;t ~~ 
· .: .. ·,_ :_._· · ~l~ad$d pasa to the fil~rs .n.."ld ~ont the l1rnited ntol?ad 

,. ·• .- ... · energy. ~ P6g Spxtty:l a~. needed to lO~'lO:r:" the tcmperaturil~ . ' . 

. _ . . · Oof:ldenee the ~team tormod o~ to <tuen~h the bUrning ruel 
· .:_· sl.u~>- ·,··_ · · '· · · ·· 

B) ·· . CO!frAlm4EI:rl! · . -

:Figu"' e· showS ~·1ba.t its eomnronly des~ribcd as "Contnir.o~~tont .. " 

Reaeton used irt th~ 'm'dtad Sto.tes pot·ter -~actol~ pro~am 
. ' 

nre enaentiai1y water cooled nuclear po~a~ planta with eignificant 



-. 

amounts of ctored en~rQ, Contatnmant is designed tc confine 

· : 411 energ;. release·_ plus the eontnm1ttatits. Val veo ub1eh ~on 

· · ·: _. -:be ~ptdl~ c1cs~ take ·cat'e ot releases~ to th~ · stack during 

.: . -> routW:e operation.; The contatnment vessel ie mada ot r;teal 
"', '~ '~' • •'. ' ! ''. • • • '', " , • .. ~ • I •· 

.. ·. _- or. ot reWox-oed conc~ate ·td.th. • steel t!\~brans. fila static 

·_.-::. · ... :p~s·s~--18 equ$l to a~cide.n~ ct~sign -$~ergy role~sa ~onditf~ns.·· 
.' ·"'-~ . . . . . . . . . . .. ' . ~. . . . . . . . . . . : . . ' . . . . ·. . . . . . 

:-. · .. -~ .. Po~ moBt ·cmses, we ()OiUlide~ a. permissible dyrt..am!c lealtnse 

. .

4

:- :,:· •• equat -~ .0_.1,; of:~~ contained weight (or volume) or air- ..• 

·::.~per :i4 ho~ lit. design··presaure~: ·.Sprays a~ ueed to. lot·Je·r 
. t • • . . • ~ 

. J ~-

; ·. ·_ ... pressur$~~ .optional ~ontrol oyatems can inelude recirculating· ·· 
(o • ' ' :' • .. o ' ', ,' ' 

.. -- :: .tdr· cleaning eyetems1 a. rorun ~ns~tor or. beth.· under aeoi• 

. . . -· . . . 

. (• 

' .·. . . · the contaminants l'elGa~~d must Close ~!thin a short !nto:rval ~ 

.~. · .. '' ·. -: _· .. · 'l'he;r ~: be. ~stalled in tanda'11 t~ ·pro vida redundano;y t~o~ . 
! .... * . r· 

· .. satety • . Bo1Uns watet» and presaurizod t~ra.t~r reactors have 

· . ~--~··.:>_been· Contained by- the unfired pr-essure vet)aele. · A fe1>1 others 

<_: _~;_:. -·~·:,:· such as a~van~ed .gas .cooled (EOCR) and OX'g;!nio maderateit (P3.qua) · 

,_ 
·' 

··. 

'• 
:..'.:.·. 

.. :. ·.·have alSo been Containad ~'11th t!ifferant Stored en~~ -contlidel"ations. '::_·::· 

.. :) . .:._··_:__:;· __ :c)·> COt..'TAINI.mtfl PLUS C.otmNEiim11. . . :~:: 
. . . ~ . i ·•,' .'· 

· .· .. _ ·::. ::_-.-.-,·.- · : .. ln the containment plus confinement method, two. eoms>loto >::: 

·_._ · ·.,·;- ··.:·· ·_. :>-· .. barri~rs- s~~round t..lle pr~ry syntem (Figure 3). The quto~ ;;_--_: 

~ ... , • : ~-- ._..' ·. . Confinem~nt \teSsel earl be m.etai pluG concrete or only a Shell .·_:· . .., : . ~ 

--

. , .. 
~t reinforced eonerete who~e strength is provided by the 

naodod. sh1~lding thickness. A negativa p:teasura of Up to 

6'* 1~0 ma1 be maintained inside tho annulQ.I' seot.1on bet;t.-N~e:n 

the vessels. The containment vessel is made or steel and 

re1ntorced eonorete. It an .aeoident oecura tha contamirumts 

leaking from tho containment voosel are absorbed and filtered 
< . 

1n the cont1neraont erstem before their ~lease through the ~tr!ek. 

,. 

.. ; 

. .. 
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' . :identical to that ~t the system- deacr1bed above. . . . . . : ... 
. . . . . . . . . . . . '. . . . . ~· ~ . . . 

. · ·[.·P) · ,·: COl\i"TADn~ PLUS' PRESS~ SUPPRESSIOl-l ·· · .. · -

· ~~\:'~_-'_:<:·· 'i~;reasu!"e ·~upprea~·.ion plUS ·¢~!ltdnilent mathOd 1a s~table . . 
• .. ~ _.._' ' • • •• :': • .... _. :·. ·.: • • ... • .. :"' • • • •• • • 4 • • • • • • • • • • 

:. -' .. :. tor .. applioatiorf _to. either type Of l~C'.te:r reactor._·· It hfaS OP.J.y. 
. .· . 

. . . . ··; . . . .. ·. .: . . .. . . ~ .. . . . . . ' . ·. ' . . . 
=- ·_. · ~"l appl1ea ~e~ently to.la1.,ge ho111nS)'1atQ.t, _reacto_m of th~ · 

.... ~- . _';;' . dire~t· 'Cyblt_ t1j;)o (Figure·~ 4 >'. fho prJJrtacy 'aystein is ~on~incd ' 
. ...... •. ... '.·: ' ... . ' . ' . ' . . ·. " ' '. 

· : =- \iithin. ·a' dey we;tl ~ontainro.ent shell and the· prime.:cy atean1 is 
' ~ ~· \ .• . '. : -.~ ' - . ,: ... . . '. . . . . . . . .. 

·. ·.. . plpect to th~ turb!m thro'uib daubl~ val. \rea piu~ the ti:trbin~ . · : · :··. 
' . . ' . . '-"' .. : . . ,· . ' .:: : . . ' ··. 

· ~, ..... stop -~lv~~ ·. \be dey Ttieli 1s aotuallf a ·attlii.ll cnntain.rnent · ... :. f. 

·. ·.- ·. ~·. · ... · \r~ss~i d~si~d : tot• the mrudmUm · e·redible acs~:taent rei ease .. _ .- . 
... -'t • • • .. • ' ' • "'· • • . • 

_._-:: ·· -~:>· c;)r internal. ·e·~l'~, · The dey ·w011 \Tents the steam (sto1~d energy) 
·. :: :::· .:.··. from ·ru, intenial pipe ~xoeak. throu~ .... Set· condenser llozzloo 

:·· . :. . , 
··:.·placed in a quench tanlt located 1n a VapOl" tight ·auppror..mion . · 

' ' 

- ·::o::. chambett. or p·ool contain.1ng a 'ia.rgo water volume. ~he n:h~ and 

. · .. ·. _·_;,·: ::_·._ .. ,. non:CM~C:Wable ftAS~~ pBOS 'thr-ough trHl l•Jater ~~ ~;re tmppr::d. 
' . ,. . . . 

· . ."·.-·. ·.·:,:'.·.above the p'ool tr1hli~ the eteam e.mi eome riaeion pi"O<.lucta a.r.~e 
•. :.· . . . . . 

. · · .. •. ·, · .. ,·trapped~ The t<efueling builtUJ"1S 1S used £or t>ei"ucling accident · 
• • ·, • • ••• ' • • ~ • • • ¥. ' ' • • 

. . . ·>.-· rrele.aae contn>l. · It is. built over the l."'etH':tor plant and prottl.tles 

.. · ·.:- eonfinem~nt d~.tilg ref'uGling·. It he.a a. Et~rubbei' 01"' a. i'.iltol' 

· _. ·· -adaot>ber cleanup ssrstem and fu..t'l~tion.s 1n e si.TJ.la~ llltlfi..tle~e 

' ~ 

· . ~e routint) e;a.saa are ejected and released to a tall att").clc., 

.. ·~a S~t! Stack tLlSO functionG aa a· Clilut!on dCnrio~ for th:: 
., ' 

releasee from the· refueling building confinement G(i!heme. 

Tho volume~. I'Oleased are minimal to ~dueo s1ee or acr-...tbbe~ 

or 1'1lte:tf units~ A high ef.fJ,.o!ency 1a thus obta:Lnod for the 

retention of.:'C¢ntaminants. 
4 ' 

.,; . 

.; : 

.. 
' 

:; . 
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.. 
. B) · .. CONTAINMEtrl! Wrrn VALVIrlQ .. ' 

\ ':· . · . ·-:Figure S ahO't'iS .the. method ot containment ·~dth valving~ 
•• ,> • • ••• • • • • • : •• • ~ • • • • , •• 

· -_ ... · It ha~' be~n ·appl:te~. reoent11. tt> tho Nel'/" ~reduction -Roaotor 

._·_;··~_t 'mmro~-~-:~ ~-~- s~~t~ .i~:l~~lar to. th~ :total. oontnmncnt 
~. : •. . . . . ~ ·. . . . . . . . . . 

·_. ·illethoct/?--.A series ·ot valvea ·are located in' the :t'OOf etruct'.lr-a 
• r • . • • • ' .. · ...... ' ., . . . 

o: .•. : '·. Of the bUilding tO .l"'elaase Stdred ~ cnarsi .ft'Om a. p~SSU:r'1zed . 
A:, •. ' • ·:·~···~· .. ./:"':,•·. ', ,··.~ ~ ,:·.-·.,··::···,·,·" \ ,•, :" • 

·: · wate~ _reactor piping break.·· :=}!he stored _energy of the. stetl1!1 
. -;,; .: . . .~ ' . . . ' ~ ~ . •. . . . .. . . . . . . . ' . . . . .. . . 

· · · releas~ 1~·. thus -v~nted -in the ea~e. ot. an a.eeidt$nt before ths · . . ' \ ' . \ ..,... . . : . . . . ~ 

:_:·fuel melts~:. ~e valves at.G .-~b'Uttertly .'typetf and a~e normall,- · .. 
-: _;, , !' r , . .' . ~· ~ " ; .. , '. . • - . ·, . , .• . . , . . . • . . ' , 

-~ .. ·. · o:{j~rt; --~ !t'hs·· covers loeated abov~· th~m a.re ehut durlng reactor 

·- : · ,:: (3perat~ori. ·J~en· the pressure build~ up ~'le ·closed ·cove~$ < ·. 
··· . .-:·:"'pop ()p~rifl· at. a predet'ondned pt)~ssura,. IJ.'he "butterfly"· i .. 

Af't¢r the :: . . ValV~~ cloSe. a,rte~ the stored energy. iS rol~aaed. 
. - ' .. ' '. . 

~ .· .: ·.: . · ,ste~ · rei~as~ 1. ~- clean-up sys_t~m t•t1 th hlft)1 eff1oiency fil tors 

_: -, . ·: · ·. snd adsorbcrs becomes operative. The zystem can be cons:ldered . . 
: .·. -~ -;:·_<: ~s 'an 'alternate "to !)reosure· ~uppregsion which enable$ stored 

. . · · _. .-- .... :. ·::· tmergy to be ·condensed. 
l .·' ·.:• . : 

_ . ··; . . ( . -~- F) .. DotiB!E CONTADT:-1EUT 
. ::· 

•.' .. 
. . , :- ·. -~~··· · · 'rhe dou111a oont!':1rnnent cone opt- ia pla.nued fot? the rrnl.ibt:t 

,I • '·!· :·, • 

- ·· · : ·. ·. ·. Beach :reactor (City ot Los .Angeles) (Figu.r~ 6) •. .A .11ccn~c 

.. \::~_;.-, ·,·---~-::. ,· ~~ ·been t'ec'ently :re~uested fer the .construction oi' this r;,_•..,. 

' . .... 
-.. · .. · 

•..'..::.c. · aetoro ·.Each ·barr·ie~ used fs ·s:lrnlltn.~ to single contain.rncnt~-
. : . . ,. : . . . . . . . 

·' ' . but the t'tto eonoentr1ely located containmant vessels are t;l)::'H!Gd · 
. . . ' .. 

. . . n few teet apart. The nnnular spaee bett,reen the vcsceln is 

'bound. by thG tt·;o steel rnembm_neo and is to b~ filled t-!1 th t1 

· ·1oad hearing pOrous media denoted ae. ttpopcom .Concrete,. • 

. . ·. rus porous v~llli~~ '1:s cont1m.;ously p~pcd at a negative 

eontl..,olled · preesure with ~epe.ct to the a.'itb1ent atmosphere. 
. -

The leakaS$ of each membrane ia 0.1~ per dny and N1th t"tto 1.11 
... 

. .; ... 

~-· .. 

( . . . 

. .. 
"· 

~·· 

·; 



S$rlee# E.;,-,:.n(:.{-~ les& tlWl 0.01~ would be e:.tpeetsd a~ an ovemll . ~ 
tigure 11'. the tl>1~ w.e~ pNsaurl~ed Without ~ntinuoun pt~'i',ping • 

. ··. AccordiriB ·to the des18nere, no eontcr.linat1on .can b~ ~leased 
: .. ·:·:J"tf tb~.p~~ is··~taift~d.·t~ughout tho a~cidcnt. ·xt ia 

.... . ' ·. ~ . . . :. . . . . . . . . .. ' . . 

'~.) . neqeas!tr:~. to a.~t' at present. th.ilt .this 1e t1. thfJO:tl(~tioal,g Ol .. 
' ~ • ·, ' .; . ' : ,I • . ' . .. ~ ~ : ' .. • ' ., . . 1' • 

·: .. at least bn>o.thetieatj.·cond1ticm eil\cd it haa n-ot bean ·teoted 
• • : \ ' • • •' , ~ • •• • : • c; • • • • • • ~ • • 

·.: on~ ·large boale. Some d.egt'Se or eontarn.tnntion could be 
-.c;·· .! _. . ' . ·~ _., . . . \ • . . 

· · · released batore the routine rQloas¢ isoia.tib'n val vaa go into . 

· ,:> ~peratio~ ~de~ .the .condit.1on~··co:~.~reapon(li~ to an acoldonto. ... ··. ·. : 

·.· .~ · , .. ~ Wi tb: a:·· p~ f~11ur$~ a · pQsi ti ~.;' p~i3SU~ also re~ui tau T'ne . 
•, '• . • . . _;, • • . . . : • . . ~ :" . . • . . : . ' . . . . . "! . 

. . : · .. ::· .. system 1tf doeignecl to oondentie thG rolea~od 13team tu14 to prOVide 

. . ·:·. ·. · .... : ... ~trol: oompa~ble. to 'sinsie ·con~~1~nt · ~11thin the· inne~ · · · · · .· 
.. 

. - . '. . . ' . 

. : ·.·:·· . ·.-.:~ ~~illel •.. ~(;l. ci<?et for thG eemtltX'Uotion Cf this double co~taitt~ '.. -:.·: 

~.~ ··': · ·. · · .. · m.ent ma::r. be high 1n capital eJtpenaiture. althouf!P .·.tha· m~jor · :-. · . . . . 
· .~ ':· .-··. · co~·t 1s expecwd to be ne¢e~sa.ey fo~· sh1Gid!ng concrate l'ath~~ 

. . ··~: : . .. ':I: ~ .·· . ·... . : . . . . . . 
·· . .- :• ··~ .trum the contairi.'nent atm.tct~s. 

• • . >-: . • • • 

.~ 

'. 

.- >:>:. :.. o) ·. DIFFUSioN DOAl\D cctWl!lEr:r=;tn ... 

.. · ..... : .(·~::· .. · .. , , · ·. ~e tachnique ot diffusion board cont~.namon:c (F:tguro 7) · 

. ·:.> .. ·: . > .. -:· wtis. do~~io~ed at F.a.PVaro na a new $p;tt~ach." It is baeed on a 
... _\:~ .: -~~:·-: .:-"·. . . ·, ~ - . "~. . . . . . '. . 

·' .: .. ·· .. ·.·controllea tilter:e1 ~~leaae of etcted ¢nergy. ·All but the 
·. . . 

· · .. : . · .:.-:~ .. noble .sases a.ro deeonttuni.nated by the dii'fuaiotl momb:t"rute tmd 

' .-· . · ·. · .. the $team ia released to the atmosph~rG Without a S€ll"lOUO; . . . .~ . . . 

·. prolonged pres sura riso. · The releaood atemn paa~es throuc;h 
. " .. 

~retullr designed and tested diffusion membranes wh1eh 9-l'~'e 

poroutl to gases ttnd steam. In tbe ovent t.,..at it lnaY ben.:;~:.:~-::., 

· a containment eystam tot" noble gnsos is ohown in dott0d. 1·7 11'::::,., 
. . . 

fl'bis devalopment t<tas intended .to reduce the cost of building 

. cont!Mment or satet1 systems. Conf1nemez1t or contairunant rr!D.y 

··,, 

·:: 
1-' 

' .. 



1nvol V'e a to ·15~ ot the cost of an ove.ml1 plant. . lho 

·: oittua:ton· ~oal"ds <iE~veloped to da~e (P:tsuro 8). ~re ·rot.;zned ot 
. . ';rari¢>u$ lattdnat(id ... ~6m;onents tn' a~r1es e~ch as fllt~~ media:.;.. : ... 

. . .-: . . . . ... · .. ·. . : . ·. . . . : . . . . . . . . : . . . : . . . . . . . . . . . . . . ·: . .. ~- . . . ' . . . . . . . ~ :_ . {' . . ' . . 

:_· _ · honer~}'' ·~ .... filter tnEldia.:· 9lle hont:yeomb t!oetiori. is nmdri or : .. : .. · ·.· 

,_ .. 

' - .. .., . . ', . . . :.. - . . ' . . . . . . . . : . - ,• . 

·. ,,: ·. e:tpand~tt. al'Uniinum ·tmd then tilled td.th. activated carbon ot~ . . ,\ . .. 

t~11ve;; plat~d- •11tea e;el flaviris a h1g.ti adoorpt1ve ~~pacity · 
' • 9 . . . 

. ·,_·tor .1odirie; _99o9~ •. 'rho airboma pal1t1ole~ ar-e mtainca on 

. ·. ~~ ~ ·sl~$$, fiber .m.et11a, at . comparab1e. etfle~ency .- Coramie diffusion .. 
... • :- -r.• : • • • • • 

·.· .:. panels dE!voloped .· to da.to are' e~-npe>e¢d ot g.l.ass f!bero and 
... _' ': ... "' ,..... . . . . . . .. . . . . . 

. eeram!ld br)nd~ mn terials ~,apable or .t1i tho tanding ver-y high 

·: tempettatures~ ~. Small panels have been twed 1n tho expe:ri.mants · 

. ·. ·.p~sently .. in pr6~ss. to eVElluate e.f"fic1c11ey; pressure d~p 
. . . 

. ,· ... tmd re~i~tance. to t5hoCk a:nd Stcanh 1'nbi€;} l ·ahot1S ~he' par'Gi(}1e 

·. :. ·. ~OW.l rGSUlts obtatnod Witho:;081J- Ul'ruli!1a. in each cas~, it 
. ::; ... had be.cn posaibl6 to a ttn1n eff1ci~.ncieo hleher ths~ 99 o9%~ 

'.< :~ · ..... ~: :~- '.l'he· ~sults of tho adsorpt1ox\ ot iodine by eomooeite 
. . ' . . ... 

· .. P..arvard 'dirtuoion pnn~1s o~ aloo given in T0.bla ·~ •. At the 

. , .·. 
" . . . . ... 

. ' 

. • -~ '<.· .: ... · partic:na removal has boet~ obttt!ncd. F~t·1aver# it htto .O!lly been ·. · 
. ,(· •<. ' .. ·:· .. , pO~a11)1Et to ro~1n. ~ 91~ Of the 1,odif\..G tlithout. i\t.."'thCl~. trontment 

. . ,, ·. . . 

:) .. " . ' . _: ·.·. . . . . . 
· ..... · <· ... ot· the .cel"a.l!dc fiber. Furtne~ otudico t·r11l be tmdert~tksn to 

•.. ; .. ,. > . attain the .·~ted: decoritnmtrstion ractorp or 99.9% to!" halogan . . ~ . 

· .. • remo \"8.1 o 

·nt. CONFnmrmtrr vr~sus co!iTAm.muT nt'mn ~m~~rer~ 

In this section.,· e. b~1t3f aurvey ot confinement ve:r"'nu:s~ 
. . . 
·containntont filter raquirenteJ.lte !s pra.,cn·ted. 'table 3 Stu'7t:.t':\r:J.ze!l 

' ~ .• . 
ea.oh or the above concepts \!11th thei~ basi" ~®iromento. Some 

exa.rnp~as or each typa are. a-,! van., Ta.bl~ 4 comvaro~ the requiro-
' . . . 

menta." These tt-10 tables a-re eolt-cYoPlanatory and there is · 

no nae~ to eluo1dat~ turthc~ on thooo points. 
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... 
· · · lttg."l decontandnation.efricienclf (99.9,.;) is necessary 1n 

.J the de>rilinem~rit '8~-~e~~ ~1nc$··~~v:·a::s1n~1~ pat:;$ is' obtained ··. ' 

· ... :~t'Ou,~;~~~ _r1itet'~ '. ;; :· \ ,;' . · <. , > · ; . · .••. ·.· · · .•· .. • • < • · · · 

... ·. · .... :··,·,.:_:'.rho: eoneentra.t1on 9t ·.containi:rmnts ::re11:'1.ai.n1~ afte~ a. ,., . . . 
. ~ .. ·:·~ .-_.:;. ... -... _ ... .-... ·:_~_.:-... ~ .. _: .. _.·::·; __ .-'::-'-·:-·~:·:·::··.-:-._< ._ : ... ; -~·!·.-:·--:: .:_· __ "' · .. ;. ___ -;:· ~ -~-:: .. ~ .. : __ , :·. · .. · ... .-.· .. .' ~ _·_·· .. ·t. •... ~- -~ .. 

.· ,.:- .rec1~CUlat!ng: f!ltl!'htion opemt1ori ~:.a t:oritaitlment·. vessCDl 

. . ' ,. . . ' . ~ . . . . .. ' . 
' ~ . ·.· .. 

· .. : .. :··- ... ~·: whe~ ·,,. n:*:ert1c1ariey· · .·· .. · :' : ·r.. · .. ·. · · 

. · .. · ::" .· ~- ·:_;·· :, ·..,.· ·.·:::.Co .; i~tial;?,c;,_qrt._c·entrat.ton _ ... _ ... · : · · ...... · · · 
·· .,. . · ,, .... .-·~ · .. ,-.. :'- .. : .. ·v r::d,contained ·vo1xun~ :. · · · ·."···. ·· 
. . .<·/,. , · ::· . .'<"·~: ·· Q == $1~ ·flow· (C;.P .)1.) . ·· · · .. , . 

,: · ...... · /.·.: ... ::.:.:;:~:, .. ~::·:::·.··· .. · t • time· o:r recirculation .. · . · · 
·.: ~ -~---~ .. ~----·:··-:·· .. -· ':.:.._.-.- ... ·• .. · .. ' .. :. ~ .. ~--. _·;-~ ·. . ·.· ·. . :_;___ : 

·.· . ·, .. ·., . l'n· th~i:·conta.!rimont methods it 1s. thus seen tlmt the. . 
: · .. ·· . ' . .·. . ' . ' . . ., 

·. ·::·.>. in!t~l t1it~~ ,etf1c1ency -iti riot so el"itica.1.· ·An. ar:r1c:teney · 
. ·: . ' . 

. ' 

~- .·.· .·' <\,"ot .95>- '99~ ·:ts adequate in' mo~t 1rtst~~ees. 'fd.ll¢Q. it ~tili'·in:.. 
. ' . . . . . . . . 

·. · ~ ·: ··· .· · ·:- . crease· ~1 th .: ~ach ·pass of ·the til t~n"'ed gas. . .. '. 

·~<·:··· .. ·.'·~.-_;·_.~ : ... _.< ·( nt .. ·.the eontaL~ent systems the filters niust .res1et str..~mn 

.. \i:~.-~:~~~ .. :::~~;,o~ture. and sh6ek t1ave~ t1h1ch ·ar~ mo~0 impo~tant _t~ 1.~· tne. 

: : >~ ./'-'· .. ·_'O:·~.onf.'fi:reme'imt: avatems_:. The. capao1ty or the f11te~ System ea.n be~. . ... 
. · .. · '.:- ( -~. _.; ~ . . . . . . . _ .. 

. -·:·<.··.·_.'.much ·lowe.!' because of :recirct.tlation •. In both,!) dcccmtominatlon . 

·. :·: .·.-?~~:·.:~ .:_:·oc~ur:s. ~~cause or pla.teout~· adsorption.; a~ttling and apmy coliection. 

' '~ . ·~--. ' . . ;. \ .-:..: _·, ...... · 
·, \ •• r-- ' • • • ~ • • • ' • • • . • 

,: ··: . .. p:ttesen~d by th$ confinoment and . conte.:!nment methods. 
'~:- .. · ·. _considemt.i~~ 1Ii detail .. tri ~stiinatLV1g the C.onmtJ?Uct1on and opel~ ... 

t16nal cost or. var1oui· ay_ste~· aeGoroins to their ·comple-xity-,. noth 

cohfinement.and c'onte.inment' eonc~pts can be quite' zopiU.cticct!.d 

tn·· impiemcntation.·. -~caus~ etol~¢u: e.nerey can ~e ,diop-erscd r~n.llly 
• ~ - . ! • ' 

in confinement riystenia.J. ·cori.ril1ement syotorilS may b~ lot-Jer in init.l~l 

Capital ·.eost but P.lUCh higher in operatinc; C03tS than containuent 

.constl"Uot1cn·beea.uae large air volum<Zt3 a)?e continuously 1'1ltorcd. 

'i . 

. .. · 
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I I,,_..,. ~J,..------··,.•• .......... I .• -~' ·• • I. 

.• -r TABLE 2 

EFFIC1ENCY OF HARVARD DIFFUSION BOAP.D FOR IODIJ.I"E VAroR REHOVAL-::-
(All one half-inch boards) · . 

Size and** .!.n F.mpt)~, 1JC6-B .!.n Activated Cha.rcoal .!.n Silvered Silica Gel ~11 Activated Charcoal, FG-50-::-::-2 2 2 
Adsorbent Both Sides 1106-B Both Sides 1106-B Both Sides Upstream, 1106-B Downstream 

(3 Tests) (3 Tests) (2 Tests) (J Tests) -... ~-

Upstream Cone • 5.69 5 .• 49· 5.40. 6.14. 
. ppm 

' 
i 

Upstream · · 0.0659 t 
0.059 0.056 0.06)6 ' 

cone. mg/1 

Downstream 0.0463 1.026 X 10-4 1_.023 x 1o-4 33~7 x 1o-4 l cone. mg/1 
,'· 

I 
1 ·Penetration % 78.) 0.18 0.18 5.35 

I ·. . 
99.82 > 99.82 94.65 · Efficiency % 21.7 > I . . 

Panel Resistance .0.33 0.32 0.33 0.18 
in. of H20 at 
1 fpn 

* All panels tested at 1 fpm (1 cfm per sq •. ft.)· for 15 minutes. 

** Fiberglas mat consists of FG-50 3/8 inch thick Fiberglas medium purchased f~om the Owens-Corning Fiberglas Co., 
Newark, Ohio. Downstream face and all other panels use 1106-B all glass media purchased from the Mine Safety 
Appliances Co. (Mfg. by Hurlbut Paper Co., So. Lee,· Mass.). 



I TABLE 1 

EFFICIENCY OF HARVARD DIFFUSION BOARD FOR PA...qTICULATE RE:-DVAL 

Size and 
Adsorbent 

Upstream lt~ad~ 
mg/rn.J 

Downstream loading 
mgfm.3 

Penetratio-n % 

Efficiency% 

Panel Resistance 
in. bf H?3 at 
1 fpm 

Relative HlMU.dity 
R.H. % 

In 
Unfilled 

8.08 

o·.o6Lx:J.o-u 

o. 79xlo-h 

99.9999 

0.266 

* l1i .. ~.019!-l j (] .. 1. 78 

.!.n 
2 

Unfilled 

7.75 

o.l6hx:J.o-4 

2 .12xl.o-4 

99.9998 

0.26o 

(Uranine Aerosol - O.OlJ)* 

1" ln 
2 1" lit 

2 . 
Silvered Silvered Activated Activated 

Silica ·Gel Silica Gel Carbon Carbon 
6-16 mesh 6-16 mesh 12-30 mesh 12-30 mesh 

8.00 1.59 5.11 6.93 

O.l2Sxlo-4 o.692x:J.o-h 0.320xlC-4 o.128x1o-L 

1.6cx:I.o-4 9.llx:J.o-4 6.27x:J.o-4 1.85xi.o-4 

99.9999 9?.9991 99.9994 99.9999 

0.266 0.272 0.25o 0.252 

15 13 15 22 i 
! 
j 

'' 
1n Activated Carbon f 11 Activated Carbon 

Fiberglas .Layer with Fiberglas Layer** 
Upstream ·Upstrea'l! 

8.L2 8.98 

o.47lxlo-4 4.o9xlo-4 

5.59xlo-4 45. 7xlo-4 

99.9994 99.976 
" 0.130 0.129 

22 23 

** Fiberglas mat consists of m 50 3/8 i.r{ch thick Fiberglas medium purchased from the Owens-Corning Fiber~las Co., Ne-rrark, Ohio. 
Downstream face and all other pa~els use 1106-B all glass media purchased from the .Hi.ne Safety Appliances Co. (Hfg. by Hurlbut 
Paper~o., So~ Lee, Mass.) · · · 
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A. 

'!'able 3 

, . · .Conttnement and Containment Methods 
• _i, •. . . . , . 

. ~ . .. 
f. ~ • -~ • . . . ~ . ~ . . . 

. ~~-- · ~-:·:::._<· .. ···_:· ... :·~:-?·.:~~:.·:_> ·_: Rettu1ramcnt -~-· 
-~--· . ··"" .. ·-~--:~··. ,... -··.. "· ..... · .· . 

. ·.Oont!Mment :·~,:' ·~·?;~_:~:: _.- -~taintain ~Jw.uat condition eon• 
· . ~ .···, .. ··', ~; :>·. _, ;.:,;:' · .. :~ __ ,,:_:: .. _· stantly throue;.'"l aa~ .. iob~!' t1:tth 

. : ,:.. ·-·:--:·".:;;~;::;-·i(;:~-,--.:_.-,·-\~?···,_/. or ~71thout filtoxa t1ith 01 .. with• 
·· · · · · · · .. ·.:·:;. :::: .·~ ··.:;; .. · ~ .'- _ out cha:rcoal ndnorbers. Pre• 

:- · .- · ·';.' -:.::_ ' .... ;-:· . .-.... ·. ·:·- .:· .filtered inlet e-nd exhaust air 
~ .. ' . .. . ,., 

: ·. :·._ · ·.··_ ... ::·Lt.-:.:-:;·:;:·>;··----~::. :~ in moat eaoau.. Duildi!1g leaks· 
. _::_. . .- -. ·~:.;:'~ ·.:> ~, .':.: ...... · ;; . __ 1nt'tard but not nblo to ld.th• 
..,~·~··· · -'.· <\!>:>·:··_.·": .·· ·.~- -._.-_· stand -stored onersv. !•bed : . ·· .. -~ .-:-:::.;:·'-.-'-;·_ .. .: .. > · :~_.... . tog sprays to lcmor t~..pera- ·, 
~ .' ·: -~- .. ··. _·:~::-: :(:.- > · .... ~- tu.re or to quench bu.rn.L'"lg . 

•' . . : '; ::. ·.~' ;>>.:: '{:.-' ' ~ ?~1 $1~~ ': ' . ' . . 
• • • • .II' ·, .. 

-..... :·~-:···. :._:::· :</~·::::.~\ -~·-:···; .. _-~._r\ .. : ..... : ~ ,· .. _:_, .. .. 
•• '. • • .!'.,I, ""' •• , •• ·• • •• ••• .... ....... :·:. -~ ~:_/_::.~ ·' 

• Jro. .• 

(a) c~:t n1c1ge 
~~~10 Ait" 
C~.:'llCd pile 

(b) n~ :;.:;!dmven 
n..~:- ;nl.,ch 
1\ :ne~.;.)r nM. 

r:r· ··:J<~tion 

.· ~ .. ... · 

.. ' 
~·~ . 

· ... 

(c) 
pi. : :~ a.t t-ran.. .:· . 
f'c.:. :1 r-r4d et 
c- .... · ••• ,'ln-h .. ~ ·' .I t<~ • • .~ ., 
- .... fl ...... - ...... 

n:tve:v 

(d) Oak R1dr:;a 
R-' :;:('. ~rch 
R:.: :-1..:':1~ CRR 

·:. ., 

.._....,. _ _.. ____ ~ __ ..,.. _______________ ...... ,_;:a;·-· ....... ..._,,_., ...... -----.......... ,.. ____ _ 

_ -. 11~- · . . :· Ccntainm.ent . :~ ;:. · -· . J.ta1nta1n static pressure 11ith 
-:- ... · . -·; .. -· .. :. ·· · >: :· · · speeified lcnl~ pl"eSSU!'O 'U.Oually 

;· .... : .. ·-:.-· : .:Y·. . -, . o.l% Vol. per 24 hours e.t . 
_: ~. ;i <.- · . . : · doo1en prcfsoure. . ·: . ><: .. ~ <:·' ·.. .. .·_-.. Vae aprayo to lower preosure. 

, '•' f.,_4 .... :. :~ ... ·' I • ''·(' ·: "''· .. 

J • • ~ 

..... 
.. . . 

(a) 

(b) 

n ..... • ~ ~ .... .,d ,z;J,. ... f- ;....,'-'~- _LI,_, 
"1e.to1., cuch as ., .. 
s~:!-l.:.r)i':'l~ por-t 
!.·~.: .... .;~ 

.' ·-011101'1--t-10001' ~---·-;-t~"H-r..;.· Wio'' .... , ..... 11£# .... -WP-·ij',.!Jr .... !!'Pil ..... ---·-·--------· --------·--w..~.w.-.l,u..-~.__., C ~YI'n"'ll'·~ . .,.- . ._.~.--.. ---..--

c.· · containment plua 
Confinement 

Combin~s ~ ~11th A. Filte~ 
ayetem ie providsd - clennup 
leakage £ro~ prL~~~Y vessel 
in event of accident. _____ ..._ ____________________________ , -· ---· ........... ,.,................. --·~j ..... 

-~D .. Containment plus ·, Srr~L"\11 contain'ttent veooel 
pressure euppres• which vents atca~ & stored 
aion .. . . · . ~nergy to q_ueneh tank (Sup-

.... · -,:: ..... • >. · : . presa1on pcol). Final · · 
· ·. · · ~-· · -~; · · conta.1ned volur.1o mutJt per• 
.. . ,. _ . · · eolate through trater. 

· · .. -... Lealcnga rcquircmcnte f.JES.me 
as containment vessel.· 

Preset:..:· : · _ ... ut'!tcr 
euch :: ·~· 
p:.t-ZA Ft. ~ ~~:3aloy 
Al~o!:a 

Boiling t~a ter 
such !'-tJ 
Irt.Uabolct P:ly 
Dodeea !3::\y 

-------~ ............. ---~--------......,....;..,.-...... _, ... \ ......... ;p • ..,....,. __________ _ 
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>: 1m• •'.· ... ·;··· ... :._,.::···:;'..· ~g,u1r.~.~\ ·:.· 
• •• I " ;, ,·. • •: .. • ··' . : • • • ~ 

: Con.ta~nt· p.Xutf ,_. .. S:1m11tu' to A ucspt ·val vas 
. valvinS .:.:··:,:-: .:;,;.,.·:.>·~~~ ... a~ provided to- ~leasa . 

• ,f •• 

·' ' 

.::··: ·::~.: ... ,··.·;;, ('i\\\;.·~.:~::.\·: :·:~ ?. stom ener!gy •. Mter 
.- ~ ·. :·:-"··.:·: •'.H:;-_ :>;'."·,.,:._,.,~··.; ·.:.: · ac;:c1dent a.."ld nteam. releaoe-· 

~: = ·. ;;- '.:·.:. •• ~ .. \. :.l': ':·>:.;;:-:.:·.·, ·. .. . . clca.ttup ayst~m becomo.s 
••. ~ _, ;-.~ :. ":,_-.: :' •. • r' • ; Operat1y~. . " .. . . . & •• j 
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rreottu:1.zed 
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Suoh a~· 
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. nrn. ( 1~-1rord) 
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.• s~tlar ·to contaim..cnt e;teept 
that all but nobla f!sGir.m 
(f;S.f3~?S ar-a dccont::!~n.1..rJlted and 
ralca.o~d to atm.oophe~ td.thout 
pr~ssure riee. · 
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.. . . . ~. . . '• ' ~ble 4 . 
· ... · .. · : . :·· : ~ :' . > . Cont~nt 'V'e~us Containll!Gnt . . . · 

. · ·. :·:· .. < ·.:. =/.·.·. ·; .. . · F., ltal" Re<ndror.wnt.s ., · : ., · · 

~: .;::. LtJ·t(~tf~·~J;·;~~~i:::~=~·.;····.··· ~~ ..•.• ~.,;.·Ao!~~=:~o~ ·. 
\. . . . . :·.'·.·:.:..":.~:.:·,,,"-:··: .. ; . . . . .. :,.:., ·~ .. : ... '.:· · .... : ..... /· ·.:.::·~: ...... · .. . . · .. 

a. Ava.Uab!Utt:·::._:: ;::.··:::.< linmac21at<t& . .'.>:·.:·:·· ":.:_. ·· .. ·· ·> · .. . : ..... ~. ··, ·. il~quirao actuation 
· . '· ._.-·-'.::·::·. -:_ .. ::,~.:-~~t<~-'<9 _ :~.: .. .. • ... :: ·>·:> :.·.-..:_: ... ~·;·~:.· : __ · _: .<:.·'· . . ~i.rnQ (s~ca-) . · ' ... 

s. Filter' ·ott ~d•.:·.·,~::~-:~-~- lr!gb_ • .pr~terabl~Y(?99.~9% _:·:·: ~omiilal ~ 
:~;tfenoy (y) ):\: .. (P _'" 0.011>) • ~r n .. ~.~;to . . .· . • •. fb ~ ,9~-t~M t> ., H%) 

4., Pi1~.tt ~cit~:~·_.:·_ EQ.ual to Gy$tem through put . ··. llased on dgail .. ·~ti 
· ~ :; ; · ·: . . :: ·~ .. > .. <·::-: :ror need~q:c.l presatu:'e drOp ree:lrculaticn rate 
· ~- ·: _;::·,_·_. :.'·:· <.:;:<.: ,~i:' -~ :. uauelly . .,. 0 • 5 -~ l.O". ~o · · -' :. . · and 1'11 ter efficle:ncy 
· · ... · ·· · · ··· · ~· .. · · · · · · ~ l/20 vol/m.ln . . . . . , ... ·;. ..;· -.:,:;,:. ~:;:./.:<s. : .:: . _:: ·<. . . . .. . _:. ~ ... , ~.. . .. ·.·. . . . . : ·.. . . . . . . • 

$.., . FUte~ -~.·/. ·_·. ··<,· ::.-::: __ ... : r~t not exceed. exhEu.tsteli Same n.s conrtnct:!~x.tt . 
. . ResifJta.nCe .. _., ::~_:··,.:_: ;.-.·--. oapne:.tty at final holding Con use higher p.re$oure 

. . ,: , ·.:.:·~;:·.-_,:·.· <::· oopaeity, ·. . drop Since c;-_,acity tmd 
, ·.... <.·::-:'· ... ,:.:·~·~: __ :~.:··usually 3-!J" HaO · . · .... pot~er 1a lees. 

6 ~ !luild1.~ ~~~ :.?:, NEI.;es!larj ·•·· · ·· · .. ·. . ·· ·· · Unnoc:ooaeal."y' 
71ltG~ .. ·?.':.~·:_·~ ... ·,.>·:::.~;:> : .'. ~· ... ·. . . 

7. . l.re't!lter: ·. · ·~·.,_ ·(_ .. :·'' ·: ·· ·. Dee~ble for :tong 11fs D.;pends upon ~;mt!'"',y . · .. 

8 •. J!~t1~:~;~·;::j.}}~$h0Uldbe 1•2 ~-and • ·. ·. :::i::::~:~lo ... 
. · · · · · · : ·: . , . ·. ; ·. · .. · .::.; . . ecrllal to holding . oapaci ty . . · · 7 5 s;·cnr.::i .. . 
· · ·. . · · .: ·;· . · ·:_: .. : ... :~ .:.-.~ · ·· at time or anticipated Hcld:tnr; ct~1:H1c:u:.;J· ~. 

· , · :·' :' . · · · ·: .: · : .;. · · accident loading. ·. a.ooi,:;:.~lt loauinc; 

9) Am;l.Ome~~ion ~ Ben~tits i.lli~t ·• • : . ' < · Oroat benefita 
·. . filtor life M.d-. .- ;·· .... ·· ... · . ·.. ·. · ·-.· . . on efficiency 
· · .. : ef.f1c1enay <. ,.· .... · ·., .'_-_._:-.· ·· ;, ·.-. ·. ~ '.: · · (cvcm11) on~-

. ,. . ' . ; ·., . · .. : ~ . : . :, .· . . ' ' ' • : ,f .lease rouuet1on 
., ' .'•t.,\ ::· .. • ·•. . '. t I ' ·• ' o.... neaistanoe · .. · :· ,··. · ·.; : .. : ,:-eceasal']i 

to steam and · ·' · · · 
.. watel' ~le!te: ...... _,.'··~·· '\·.· .· ~ · .. ~-

1. Shoolt t·1ave· · · .. · .'. Depends on location · 
r·:.."'Ci:JtallO() ·Or . . . . 
"~Jrot~ction · · 

' . ' 

.2. 
. . . 

Ambi<mt pre~,~ ... Unneeeaa~ry beyond 1 ~o ·· ·• :. :-:· · 
. , . .. . : ... ·· . . 3 ps1 . ,. . . . .. ... . . . 

.· . ... .~ . 
.. . "' . ·. \ 

.t ... - . 

. ·. 
»' ·' • 

~1ust WOl'k at 
15 • 150 pai 

.. 

.. : 

of•:· 

:~~ .· 
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··.·· 
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: . ... 
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·:r, 
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......... --1 

• .. ' . :' '. '·~· ;• • ' I .• 

ltam , :·. · .. · ; :. .Confinem.t!nt. · ... · · · Oontainmont 
' ... 1 · ...... i.. .• ... ~II'IOIIU 

13. !!he~·t. :·.· .. ,·~····r:·::<:~·>·.:-.td~. (.L.lOO~O).· : ... : ~·· ·~::_ .. ·: · .... ::·:. · lngh ( >200~C). 
. ros1atanes · · .. · .. ··. ·· .. ·',. . · . · <- ... · •. • ... .: · ·. ·. · ........ ~·->>.:·i·<·:.. . : ' . . . : . ~. . ' : ; . : : ....... :·<·' ·.· ~ .· ·. . . . . .. 

14· .. Chemfeai · .. -.. · .··.<·--::-.:. .. , .. Sonia ·(03~ · t;ro2) but·lot{ · .. · . · · .. l·!odemte dc-pendo 
reaiata.nC(f· : .:.<,.(: ·= due to Mlut1cn . . . ,. < ~ :· · on kind or rea. a tor .. 

. · ·:·. <··>:.~·_:·: :::'·:~·:.; ·:~... . .·. ·.. <.: .:· .. : :.::; .-.·., and J."alea.sc .hsrdrolyo!a,. 
·• . . .· ... · .. · <: ... lfr· .•. : •• ~ _·.·. : >.··· ~;:·:·· .. ;:,· ... etc- · 

15. Flow ot' '1101\U'lte· ... :· ·' Variable•' usual!~ ~ speed · ·: Fix~dd 
control . .. . ; ... ,. :· ~-.-:~.,. ·.<: ·.1 . . . ._.. ·.: · . :. ·.· .. , , . ··' :.: · · 

: . . . ' ~. "' : 

16. PJ.'ltett aids ... -.. ~ ... :>· sma~l (ra~id~y dUu~ed by. · Ltii'S~ 
. from steam ~- · "·.'· inlet air) . . .... ·. · · · =· • . · ·. ·: : Produces condon-

lease and tog· .. ~· ..... ;..;·:':-·· .. :. ........ _: ~ ........ :~: . ... · .... :... . aation gro~Jth €:nd 
Sp~ . . : :; : i ~ •; . : ' t '; , ; 'i, : " ' ' ·. \ , ~!~~ie~f Small 

17·. ·Ertect. cit- _':.:~~:::.~'):-~.;·~~:·.None - t'roduc~s dilution to Retained ~ithil'l 
.... ·noble sa~ss. (·~·. =- >~ . , etack release only., . . . . . . ·. contain.;nent. Thoue . 

, ... _ ~ · .. ·· ;. . . . .. that dcca.y .to Golid . 
. . . :.'_: ;· , .. :··.- > )···;:~~:L·~::_:_;;::>:··.·:·.::: .. ,:'··._:,:~>_:.:: .·~·· :. · ..... ;' .·· .. :· · g;tf!i~~~ are removed 

IS; -Btt~e·~· ·~~: ~<·>.:: :~~.\·:·(· ·. ·~l ·• continuous de~·· < .... ·: t~,Ximu.ni 
. adso:ption· .. · _.:·.:.:.-·,=·. ·.,. .sorption· takes place .• , ....... · . De sorbed halogens · 

. · · .. · .. ·"· ' ., .... ·. "'""" C"ll "'t""d ··~ .. ~; ;t': ... : .. ; .-. "•' ..... a!:.e v e""'~ 
.. · · '· :C· .:; .. :: · · •. : ·· ·.. continuoualy 

. ~ ~ . :;·;~ ; · .... ,. ' .. · .. 

19. Fle.:~ib~lit1.·<~··.\; .~ :·, Sigh·. .... 
20 ... r>tt1n~nance ·ana.:·.·; Easy::.·.· .. · · 
· · recovery · · ~ -· ··. · · : : . . , .. " . . . '~ . . ' . . . 

... 

... . ·. . 
~1. ·Capital .<· ? __ · ....... · ,.: Moderate-. 

..e ,.,. -tY~~tm""nt , ·. := ;:,. ·' ·:.· . . ...UoGY".tr.t~o ~ ' .. 

~2(1 · t;p~ratk,; ~ost ··.:::<:~· Mod~~te . , : · ... ;;· , 
. . .-, . ~ ... . . • •. :' .· i. . • . ,; • . .. 
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G. DIFFUSION BOARD CONFI NE.MENT 

-
~ 

- SPRAYS (OPTIONAL) 

-
-

G T SG 

c -
REACTOR BUILDIN<? 

DIFFUSION MEMBRANE WALLS 

pOROUS TO GASES AND STEAM 

I 
I 
I 
I 
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I 
I I 1 
I I I 
I I I 
I I I 
I I I 
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I I I r-:---, 
I I I 
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OPTIONAL 
I WALLS AND 
I STACK 
.I 
I 

I .:,Iti{J :::~:~::~~~~;:~:~~~!~~~~f: 
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CONFINEMENT AND CONTAINMENT METHODS 

F. DOUBLE CONTAINMENT 

SOLID 
CONCRETE 
SHIELD~ 

I 
f 

I 

-llP 

RECIRCULATING 
COOLER 

I. STFEL MEMBRANES WITH SUPPORTING "POPCORN" 

BEARII~G WALL 
2. INTERNAL PRESSURE TO MEET DESIGN VALUE 

ANNULAR SPACE 
FILLED WITH 
11 POPCORN" 

\ CONCRETE 
\ 

' I 
I 

POROUS LOAD 

3. LEAKAGE EACH MEMBRANE- 0.1 °/o PER 24 HOURS 

:.·-:~~ .. ~ .. ~ '·.·· ........ -.......... . .. . : .-. ...,_ ~.. . . ~"":':"" ~ . _.,... ~ ~ . - ........ :·· •· ' . , " ·... ' . 
··. : .. ·: ' 

STACK 
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CONFINEMENT AND CONTAINMENT METHODS 

CONTAINMENT WITH VALVING 

i 
I 
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-6P 

REACTOR BUILDING 
I. REIN FORCED CONCRETE 
2.DYNAMIC PRESSURE 10-12'' H2 0-aP. 

' 

I 
.I 

;· 

··;:;;:~ .. '.:·:11 3. STATIC PRESSURE ,, 4...;. 5 PSI. I 
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CONFINEMENT .AND CONTAINMENT METHODS 

D. CONTAINMEN-T PLUS PRESSURE SUPPRESSION 

INLET FILTER 
(OPTIONAL) 

-0-t--
REFUELING BUILDING 

-aP 

AIR 

DRY WELL 

REACTOR = BWR 

f 

STACK 

SUPPRESSION POOL 
(TOROIDAL) 

REFUELING BUILDING (MASONRY OR METAL) 

DYNAMIC PRESSURE 1.0" H20 
STATIC PRESSURE 1-2 PSI 

LEAKAGE- MINIMAL TO REDUCE SIZE OF 
SCF.<UBBER- FILTER UNIT 

. . 

i 
i 

·l 

T G 

" 

I 
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CONFINEMENT AND CONTAINMENT METHODS 

CONTAINMENT PLUS CONFINEMENT 

I 

i 

,'8 .. 

A. CONTAINMENT VESSEL. 

REINFORCED 
CONCRETE 

SHIELD 

.t 

STEEL OR REINFORCED CONCRETE TO SAME 
.CONTAINMENT ALONE AS 

SPECIFICATIONS 

8. CONFINEMENT VESSE-L 
! 

REINFORCED CONCRETE- STRENGTH PROVIDED BY SHIELDING 

DESIGN MAINTAINS- 6. 11 H20 i1P 

STACK 
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CONFINEMENT AND CONTAINMENT METHODS 

8. CONTAINMENT 

T= TURBINE 

·G =GENERATOR 

C = CONDENSER 

I.V. =I SOLATION VALVE 

SG= STEAM GENERATOR (OPTIONAL 
NOT USED IN BWR) 

OPTIONAL CONTROL 

I 
I 

~ SPRAYS 

FG RCS =RECIRCULATING AIR 

CLEANING SYSTEM RCS 
FG=FOAM GENERATOR ,___-1----\..-~-.,_----. 1 

CONTAINMENT VESSEL 
I. STEEL OR REINFORCED CONCRETE WITH STEEL MEMBRANE 

2. STATIC PRESSURE EQUAL TO DESIGN RELEASE CONDITIONS 

3. DYNAMIC LEAC<AGE = · 0.1 °/o 9F VOLUME PER DAY AT DESIGN 

-· ., ..... . . 

PRESSURE. (LEAKAGE SPECIFIED. MAY 

BE GREATER OR. LESS) 

STACK 

\ 

BLOWER OR EJECTOR 
FOR ROUTINE RELEASES 
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CONFINEMENT AND CONTAINMENT METHODS 

A. CONFINEMENT 

SPRAY (OPTIONAL) 

REACTOR BUILDING 

I. MASONRY OR METAL 

2. DYNAMIC PRESSURE - 1
11 

H 0 

3. STATIC PRESSURE It -·2 PSI 

~-- --~ 

rn--~ 
I 
I , 

I 

(OPTIONAL) 

· ?=.PREFILTER 

F= FILTER 

A= ADSORBER 

t 

STACK,::-· __ :--~ 
·:-·· ·. 




